The aim of this study was to investigate the effect of the definition of daytime and nighttime on ambulatory blood pressure (ABP) in pregnancy. To determine the prevalence of a Ͻ10% decrease in mean arterial pressure with sleep (nondipper) in pregnancy and the consistency of nondipper status throughout pregnancy. In a prospective, longitudinal study, 102 pregnant woman underwent 24-h ABP monitoring and recorded sleep patterns at Յ14, 19 to 22, 27 to 30, 35 to 37 weeks' gestation and 5 to 9 weeks' postpartum. Nighttime was defined by arbitrary hours or actual periods of sleep. Ambulatory blood pressure measurements using the different definitions of nighttime were compared in the total cohort and individual women. Nondipper status of each woman was determined throughout pregnancy and postpartum. At 35 to 37 weeks' gestation, 19% of women napped during the day and 20% were awake during the night. Throughout pregnancy, mean day and night systolic and diastolic ABP measurements were similar whether daytime and nighttime were defined by arbitrary hours or by sleep periods. In individuals, the use of arbitrary hours (day 07:00 to 21:59, night 22:00 to 06:59) compared to sleep periods to define day and night resulted in differences in daytime systolic (SBP) and diastolic blood pressure (DBP) of up to 4 and 5 mm Hg, respectively. Similarly there were individual differences in nighttime SBP up to 10 mm Hg and DBP up to 11 mm Hg. A third of women were nondippers at least once during pregnancy, but only two women were consistent nondippers. The different definitions of day and night did not change group ABP measurements, but resulted in significant variation in ABP measurements in individual pregnant women. Nondippers were common and nondipper status frequently changed during pregnancy. Am J Hypertens 2001;14:38 -43
A mbulatory blood pressure (ABP) monitoring allows evaluation of the effect of daily activities on blood pressure (BP) throughout the 24-h period. In both nonpregnant and pregnant populations, nocturnal BP is lower than BP recorded during the daytime. [1] [2] [3] . In 1990, it was recommended that arbitrary hours be used to define nighttime. 4 It is now recognized that use of arbitrary nighttime hours, while simplifying both collection and analysis of data, is not the optimal method to define sleep. [5] [6] [7] [8] Blood pressure decreases with sleep and if the "nighttime" period does not accurately correlate with sleep, this will alter the nighttime BP reported.
Pregnant women often have disturbed sleep patterns, with both nocturnal waking and daytime napping. 9, 10 Consequently, in pregnant women, the use of arbitrary hours to define daytime and nighttime may have even greater effects on the 24-h BP profile than in nonpregnant individuals. The majority of ABP studies in pregnant women have used arbitrary hours to define day and night. They have either split the 24-h period into two, [11] [12] [13] or used restricted day and night hours in an attempt to more closely reflect periods when women were actually awake or asleep. 1, 14 Other researchers have defined nighttime as periods of sleep recorded by individual pregnant women. 3, 15, 16 There are no data in pregnant women comparing the effect on the 24-h BP profile of arbitrary hours to define nighttime versus individually documented sleep periods.
The decrease in BP at night has been termed dipping and individuals who fail to have a significant nocturnal decrease in BP have been called nondippers. 17 The method of defining daytime and nighttime influences the prevalence of nondippers in nonpregnant populations, 6 but this has not been investigated in pregnant women. It is unknown how often healthy pregnant women are nondippers and whether a pregnant woman's dipping status remains constant throughout pregnancy. This is of clinical relevance as it is recognized women with preeclampsia may have a minimal decrease in BP at nighttime or even an increase in nocturnal BP. 13, 18 Furthermore, it has been suggested women destined to develop preeclampsia may have a reduced nocturnal decrease in BP early in pregnancy. 1, 14 Other investigators have not confirmed this finding and the clinical significance of nondipping in pregnant women remains controversial. 15 In a longitudinal study of healthy pregnant women our aims were 1) to compare ABP measurements when nighttime is defined by actual sleep periods with ABP measurements using arbitrary hours to define day and night; 2) to determine the prevalence of nondippers throughout pregnancy and the effect of the definition of nighttime on the frequency of nondippers; and 3) to determine the consistency of nondipper status during pregnancy.
Methods
The study population comprised 102 healthy, normotensive women who were booked before 14 weeks' gestation at a tertiary maternity hospital. Women underwent 24-h BP monitoring using the SpaceLabs 90207 ABP monitor (SpaceLabs Inc., Redmond, WA) at Յ14 weeks', 19 to 22 weeks', 27 to 30 weeks', 35 to 37 weeks' gestation, and 5 to 9 weeks postpartum. Women with essential hypertension, renal disease, diabetes, and multiple pregnancy were excluded. The regional health authority's ethics committee approved the study and written informed consent was obtained from all participants. Gestational hypertension was defined as diastolic blood pressure (DBP) Ն90 mm Hg or systolic blood pressure (SBP) Ն140 mm Hg on more than two occasions after 20 weeks. Preeclampsia was defined as gestational hypertension plus proteinuria Ͼ0.3g/day or Ն1 g/L on dipstick or multisystem disease.
At each 24-h monitoring, the SpaceLabs 90207 ABP monitor was fitted to the nondominant arm, using an appropriate-sized cuff. During pregnancy, the recordings were made at 30-min intervals for 24 h. Postpartum BP was measured at 30-min intervals during the day and every 60 min for 8 h at night. The women were encouraged to follow their routine activities over the next 24 h. At the beginning of each ABP monitoring four mercury BP measurements were recorded. The women were given a diary and instructed to enter their activities in each 30-min interval. After the ABP monitoring, the diary was checked by the research midwife with the woman. Sleep and awake activities were then coded beside each BP measurement. All BP measurements and the activity data were transferred into SAS/Stat (SAS Institute Inc., Cary, NC) for analysis. Evaluations, which included assessment of interference with sleep, were completed by the women after the first, fourth, and postpartum ABP monitoring.
The proportion of women asleep at each hour over the 24 h was calculated during pregnancy and postpartum (Table 1 ). Daytime and nighttime was defined by three different methods. time 22:00 to 06:59. These time intervals were determined by the hours where the greatest proportion of women in our study made the transition from asleep to awake and from awake to asleep (Table 1) . These hours are consistent with the 1990 recommendations. 3. Tight definition: daytime was 09:00 to 20:59 and nighttime 00:00 to 05:59. These day and nighttime periods correlated with times when at least 94% of pregnant women in our study were awake or asleep, respectively.
Ambulatory blood pressure values were grouped as follows and each group was analyzed separately: pregnant SBP, pregnant DBP, postpartum SBP, and postpartum DBP. The mixed models procedure (SAS), which efficiently allows for repeated measures, was used to determine whether: 1) ABP measurements differed for daytime and nighttime, according to the method used to define daytime and nighttime, 2) there was a difference in ABP measurements in the daytime compared with the nighttime, and 3) there was an interaction between the three definitions and daytime/nighttime ABP measurements. Bland-Altman plots were constructed to show the variation in the differences between ABP measurements using the broad definition and ABP measurements according to the diary definition for individuals. 19 The nocturnal decrease in BP was assessed by determining which women were nondippers. A nondipper was defined as an individual who had less than a 10% decrease in mean arterial pressure during sleep compared with awake mean arterial blood pressure. 6, 20 At each gestation period, we compared the proportion of women who were nondippers according to the three different methods to define day and night. Using actual sleep to define nighttime, we determined the consistency of nondipper status throughout pregnancy. Women were classified into four categories: consistent dipper, nondipper on one occasion, nondipper on two occasions, and nondipper always. The nondipper status of women who developed hypertensive complications is reported.
2 test was used to compare categoric groups. All tests were two-tailed and a 5% level of significance was maintained throughout.
Results
One hundred two of the 120 women enrolled in the study completed the first ABP monitoring. The mean age of the women was 30.9 (SD 5) years, 84% were white, and 55% were nulliparous. Six women developed gestational hypertension and two developed preeclampsia. No woman was on antihypertensive medication during her antenatal ABP monitorings but one woman was on 320 mg/day of oxprenolol at the time of her postpartum monitoring. The num- ber of women who underwent ABP monitoring at each gestation period and postpartum is shown in Fig. 1 . In pregnancy, the median (interquartile range) of BP measurements during 24 h was 48 (47 to 49), with 31 (29 to 33) during the day and 17 (15 to 19) at night. This did not change throughout pregnancy. Postpartum BP was measured on 30 (28 to 32) occasions during the day, with 9 (7 to 10) measurements at night. Of the 21,336 BP measurements, sleep status according to diary entry was known on all but four occasions. Sleep patterns during the 24-h period are shown in Table 1 . The proportion of women who napped at any stage during the day (09:00 to 18:00) or awoke at nighttime (00:00 to 05:59) is shown in Table 2 . The percentage of women awake during the night increased from 10% in early pregnancy to 20% in the third trimester (P ϭ .03). There was no change in perceived sleep disturbance because of the monitor from the first to the fourth ABP monitoring (P ϭ .16) according to the evaluation forms.
Ambulatory blood pressure measurements according to the three methods of defining daytime and nighttime throughout pregnancy and postpartum are shown in Table  3 . The upper limits of normal ABP range (mean, ϩ2 SD) for SBP and DBP in the daytime and nighttime, respectively, were 10 to 14 weeks 128/81 mm Hg and 114/68 mm Hg, 19 to 22 weeks 127/80 mm Hg and 112/64 mm Hg, 27 to 30 weeks 128/81 mm Hg and 113/66 mm Hg, 35 to 37 weeks 134/85 mm Hg and 122/72 mm Hg, and postpartum 129/85 mm Hg and 120/74 mm Hg. There was no difference in day or night SBP or DBP with the three definitions of daytime and nighttime. In all three definitions, SBP and DBP measurements were lower at nighttime than during the day (P Ͻ .0001). There was a different relationship between the definitions and daytime and nighttime ABP measurements for both SBP and DBP (P Ͻ .0001). Among the three definitions, the tight definition had the highest daytime BP values but the lowest nighttime ABP measurements.
FIG. 2. Bland-Altman plots showing daytime difference for (A)
systolic and (B) diastolic blood pressure against average of broad and diary daytime blood pressure. E represents those who were always awake; OE represents those who slept at some stage.
FIG. 3. Bland-Altman plots showing nighttime difference for (A)
systolic and (B) diastolic blood pressure against average of broad and diary nighttime blood pressure. E represents those who were always asleep; OE represents those who were awake at some stage.
Despite no difference in group means, in individuals there was variation in ABP measurements recorded with the broad definition and the actual sleep periods from the diaries (Figs. 2 and 3) . In individuals, the difference between daytime ABP using the broad definition and using the diary definition were SBP Ϫ4 to 4 mm Hg and DBP Ϫ5 to 4 mm Hg. Similarly, the differences in individual women's night ABP measurements using the broad and diary definitions were SBP Ϫ3 to 10 mm Hg and DBP Ϫ2 to 11 mm Hg.
The mean (SD) decrease in SBP and DBP with sleep in pregnancy was 14 (6) and 13 (4), respectively. Fig. 4 shows a comparison of the proportion of nondippers according to the method of defining daytime and nighttime during pregnancy and postpartum. Using actual sleep periods to determine nighttime, the proportion of women who were nondippers at Յ14, 19 to 22, 27 to 30, and 35 to 37 weeks were 7.4%, 13.8%, 8.8%, and 20%, respectively (P ϭ .05). Overall 32 (34%) of the 95 women were nondippers on at least one of their four ABP monitorings during pregnancy. There was no correlation between mercury office BP and nondipper status. Likewise, no correlation was found between nondipper status and whether a woman had daytime naps or was awake during the night.
Consistency of nondipper status throughout pregnancy is summarized in Table 4 . The two women who were consistent nondippers during pregnancy remained normotensive, delivered at term, and became dippers postpartum. One of the consistent nondippers had a father with essential hypertension and the other had a normotensive mother who had developed preeclampsia in her first pregnancy.
Discussion
Our study is the first report on the effect of the definition of daytime and nighttime on ABP measurements in pregnant women. This has potential importance because of altered sleep patterns in pregnancy. We found that 19% of women in the third trimester napped during the day and 20% were awake during the night. Defining nighttime by actual periods of sleep or by division of the 24-h clock into arbitrary hours did not alter the cohort's mean daytime or nighttime ambulatory SBP or DBP. Despite these negligible group differences, the different methods to define day and night were associated with significant variation in the ABP measurements of individual women, as shown in the Bland Altman plots. For individuals, nighttime diastolic ABP differed up to 10 mm Hg systolic and 11 mm Hg when broad arbitrary hours were used to define nighttime compared with actual periods of sleep. During the daytime, systolic and diastolic ABP measurements using the broad and diary definitions differed by up to 4 and 5 mm Hg, respectively. These differences in ABP measurements with different definitions of day and night are of potential clinical significance when BP is mildly elevated. In this situation, the definition of daytime and nighttime on an ABP recording could alter whether or not a woman is classified as hypertensive.
The definition of daytime and nighttime also altered the proportion of women classified as nondippers. Use of the broad day-night definition tended to classify more women as nondippers. As in nonpregnant populations, 7 our data suggest actual periods of sleep should be used to define nighttime when analyzing the diurnal variation in pregnant women.
One in three women were nondippers at some stage during pregnancy and dipping status was not consistent throughout pregnancy. A woman who was a nondipper on Values are n (%). * Seven women had only a Յ14-week ABP monitoring (2 nondippers and 5 dippers) and were excluded.
one occasion, was unlikely to be a nondipper on subsequent ABP monitoring during pregnancy. This has not been previously reported in pregnancy, but is in keeping with nonpregnant populations where there is little testretest reliability in nondipper status. 21, 22 The proportion of nondippers increased in the third trimester to 20%, unrelated to the development of hypertension. Increased nocturnal wakening in the third trimester may contribute to this, as BP is lowest in stages III and IV of deep sleep 23 and disturbed sleep patterns may reduce these periods of delta sleep. Consistent with this is the high rate (26%) of nondippers (night defined by sleep) in the postpartum period where 71% of women had broken sleep during the night.
We found no relationship between dipping status and hypertensive complications in pregnancy. This is consistent with a previous study that found no difference in the nocturnal decrease in BP in women who later developed preeclampsia. 15 However, our study did not have sufficient power to address this question. Our finding that nondipping is both a common and inconsistent occurrence during normal pregnancies, suggests it is unlikely nondipper status will be a useful predictor of preeclampsia.
In conclusion, the method used to define day and night did not alter the cohort's mean daytime and nighttime ABP. In the individual, clinically significant differences in daytime and nighttime ABP measurements may occur with the use of arbitrary hours to define nighttime rather than actual sleep periods. A third of women were nondippers on at least one occasion during pregnancy and nondipper status was not consistent throughout pregnancy.
